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7 t-S 3 4±(C, l&^^»-^;5Sffi«)-Ci!>*Vvn® I n 
A 1 P:7 V'V KS 1 4, I nGa A 1 PfilttSl 6, p 
®InAlP^V'V KS 1 8 t So 

[00 3 8 ] [mammmm: 

fcV'T, Ga PSSXtCGa P^#S:SS?^figSix, Ga 
PS 4 fS-hl^^> G a A s I n G a 

A 1 P>-^'VVt— gJ^S^^StlTV'S, rcDfcfe, ^<0 

Ga PSiglCGa Pg*S 
SrMOCVD&fcJ:y)^^i-5^ ttCioT, GaPS 
I n Ga A 1 P/''^'v 7 r“S t<DW(D^^;JCs ^— 5 
h cd; 4 S^^ i: y , M®^(D^S^ 

y*s®±-T 5 o £iT, p^j-iaeq-rs, 

[0 0 3 9 ] 

^^(D®f® 0 S :0 9 (cS%-t-„ 0 9 J: pic, 

S 2 5 0 pm(Dn®G a PSS 3 OXtwffS 1 . 0 pm 
(Dn®Ga P^»S 4 6 ;JS)^^StvTV' 5 , Cl(Dn®G 
a PS^S 4 6 XlCff S 0 . 5 p m(D n® I n G a A 1 
P^<v 7 r-S 3 4 «sS#StvCV' 5 o ^rbT, n®I 
n G a A 1 P.'^'V Vr— S 3 4 X{;iff S 0 . 6 pm(Dn 
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§!I n A 1 P^ yy KS 1 4^ 0. 6Atm(OInG 

a A 1 P fS14S 16»ff$0. 6/x vd.(D p §! I n A 1 P 

y K®1 8i^e>75c5^^la5 2 
[0 0 4 0] ;i(D^3tla52 0±{;i. ®$0. l/imWp 
®GaA lAs 36vff$0. 05/im 

cOp+SiGa As hM3 

$6>lc, p+SGa As hS3 8Jitt^*#3£{c 

p+MGaAs=:^^ 
y h'S3 8fcJ:tFttSK7'n 'jyyS4 0±(Cit I TOi@9g 
mfli4 2:ds®^$tLTV'5. ^-LT, I T03S8^tt®4 
2<0Ji®tt>*ftj£(0®»^n y ^S4 0 |e:Jt|n]-r-5ffl:« 
Jw«±la5mS2 4dSJ^^SH. nMGaP*«3 0(DT 
B ^ ‘bi>^ h {ci^Tia5«® 2 6 $ ^^T 

V'5, I TOS??tt®4 2(^±B«D5*>±^fl;S2 4 35 
?^^$^^T^'*V'gi5:5^^i±a5|iP^fl5 2 8 5r>tcU, nMG 
a PS®3 0OTBcD5t>TI^PItffi2 6 35j^fig^ix-CV' 
*V'|f5:»-«TSi5H PS53 2 LTV'^S, 

[0 0 4 1] nMGa PS«3 035^^3t^Sil'1-2):fe 
ft. I nGa A 1 PStt« 1 6 

l35MP?fi5 2 8 nMln 

A 1 PrJ'^y K® 1 4. nMl nGa A 1 P/'-^yP'r — 
S34. nMGa Pg»S4 6 jSitFnMGa PS«3 
O^ao-CTS5MPSC3 2 3»b09T*--'fciJ:lt$tt 
5o I nGa A 1 PjS-14^1 6 3»feft^3tl± 

B9ftJi:*-. T:^’. 

tftfcft. 

l^±L. ?6 oT®— ( ftfl::*Sr^ALfc^^{C2~3fS^ft 
[0 0 4 2] JiabfcB5{4. 

rft 

m 5 ft^j{c3%-r 4 5 iw. 

#6(co 

V'T(4»5 2. s-lf. H&|::-oV'Tt;^2. 5f&. 
^35rR]Ji-r5, 

[0043] 5^{C. 010 {;:S<5V'T. 

[0044] *-f . 010 ( a ) 5 IC. ff $ 2 

5 0 |i inft nMG a A s Sffi 1 0 ilc. 0 . Sum 
ftnfflG a A 8^5 5, :7r—® 4 4 0. 5 /im<Dn 

Ml nG z Al Py<'sry t~M 3 4 

nMGaAs>'^5'7r— S44i:nS!l nGa A 
1 PAj'^r— -13 4t4nMGaAsSffil 0 
-g-$tvc?g^$4L5>:it(c4c5, — 010 (b) Jc 
2 5 0 MmftnMGa Pg«3 0± 
(d. ®$1. 0 ;zm<ftnSGa PgiPS4 eSrMOCV 

[0 0 4 5] ^5:{d. 010 (c) Jd^^fipld. 



(b) td^i-nMGa P^»S4 6 $:. (a){C:^-fn 

S!I nGaAl P^<'yyr~-m3 4ft*B(dg^i-5o 
[0 0 4 6 ] 010 (d) n^G 

a AsSSl 0 tnMGzAs^^'yyr—M4 4^1(^ 

rtvSrSet- 

srttdit). nMGa PS«3 0±{dnS!Ga PS* 
®4 635?^^§i^. r.ftnMGa PS*S 4 eXtCn® 

I nGaAl P :7 r — ® 3 4 35S*$4t:/taS35f^ 

10 [0 0 4 7] meilS^ftXgfi. XaUfc08 (a) ~ 

[004 8 ] £lXft J; 5 Jd2f:^JSJ^^(c45V'Tf4. X® 
Lfc®2IIJS®^i:®«td. nMGa PSS3 035^^ 
3tS:®ai-5fc:ft. 

S*X§ 

tc43ft5fi5QiS35^^gi5 2 0(D#14ld:^W:Srfi.f^-t-r i: 
35^ev'fc ft^«kaftta^«EHft$iJ|$3Si^^ 

[004 9] $ bid. 

ftSjSxetdJ;tvtf, nSlGa PaS3 OftS*lfi5^5-ld 
20 [^G^tKftnMGa PS**4 6Sr?^^LT^B^¥?t 

-fh;L. nMGa PS*®4 6 ^(D^^])T^^h 

K-t‘Vj/lcJ;i?ig<-r5:di:35X#5ftT*. nMGa 
PS** 46 i:nSl nGaAl P/^yy 7 — S 34ft 
S*^^^ld^T5;dt35-et5o IPb. S*tdjK<S*?^ 
«kStaS®H 35 i£: < . X— = 35 ?^fig L-^ 

[005 0 ] ci^ 4 mmmmj 4 mmmmc 

iiV'Tti. G a PSSXICG a A s SStd^S^S-a-^H 
I nGaAl P-^'^y 7 r 3»oG a A 

30 1 A s m«IJ£i5:*35Xla5m® ir^^SPftF^ tdl^^^nx 

V'-5, dftrtldi!?. 3tft«3t3Si^35|^X-r5i:* 
Id. S![3tXSld45V'TS*^ld%)tl?Sr?^fiS;X#. $b 
Idl T035e«gftl^^35:^St*5. £ 1 T. S^^tdSi 

[0 0 5 1] ^mm(Dm4(DmmMm\^i!)>i!)^^^mi^^ 

3t^^ft®fB0S:0 1 1 Id^'f'o 0 1 1 Id^$tv5 i p 
Id. 2 5 0 /xmftnMGa P*S3 0±ldff$ 0. 

5 fi m(OnM 1 n G a A 1 P/^y7r— * 3 435S*^ 
4t. nS 1 n G a A 1 P^5 s/7t'“* 3 4Xldjp;$ 0. 

40 6 ;i mft nM 1 n A 1 P 7 S' K* 1 4 . ff § 0. 6 m 

mft 1 n G a A 1 Pffitt* 16.ff§0. 6m mft p M 
1 nA 1 P^7 S' K* 1 8 3»b?‘45^3fea5 2 0 3S?^J®S 
tvTV'5, 

[0 0 5 2 ] rft^3tla5 2 0±ldl4ff$ 7. O Mmftp 
®Ga A 1 A slljiftl£mS4 8 35?^fig$iX. pMGaA 
1 A s tt3K&ma 4 8 Xft 't’-L'^jaidXi®®® 2 4 35 ^ 
nSGa PSS3 OftTBldlitja'L'ftjaSrgltTTai® 

. ®2 635?^^$tVTV'?>. pSGa A 1 As«JfEia:»® 
4 8ft±Bftpb±la5fl;®2 4 35?^^Si^TV^*V^^aJ^ 
60 l4±a5PSPgp2 SSr^iU. nSG a PS® 3 0 ftTBft 
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5t)TSi5tt®2 6;iS?^fie§Ji.TV'*V'Si55>{lTBl5MP95 
3 2S:^iLTV'5o 

[0 0 5 3] mi 2{;::a<5v'T, 

(c) icM5^-c(oxsii, ±mLitfS2mmmmt n 

[0054] HII 2 (a) 5I-, 0 7 (c) O 

n® I nG a A 1 S3 MOCVD 

6 M m^nM I n A 1 P 7 S' KS 1 

4, ff$ 0 . 6 AtnKTDI nGa A1 PSttSl 6 . lo 

0 . 6 u m(D pMl nAl P ^ 7 ■y KS 1 8 if 

^^Si5 2 o%?g^-r5. 

{::, MOCVDj£(;ii i?%)ta52 o®±jr., m^7. 0 

fx in«D pMG a A 1 A s 4 8 

rcDipfC, nMGa 
As*®l 0lc5t^LT^^S-^§n.fcnMl nGa A 1 

P-'^y^r—m^ A±\C^%U2 0i:m^-r^txL}t\^. 

^&^^s-a-a5i5 1 ^ sKfioi If ^ 

:&s^TX. iSfpK*B^?fP2 O05?^^!8;;6J^IMi*5„ 

[0 0 5 5] 55ct^., @1 2 (b) {;i^-ri 5JJ1^ pMG 20 
a A 1 As«aiia;f!:S4 8±{c:±^fI5®|i2 4^. nSG 

a PS«3 OOT®«CT^Ii ®2 6 -?:<0 

[00 5 6] W<±oX 5 ±iE 

Lfc^2*JgJ^MS.t;'03*J£j^flgill^lC. nMGa 

PSffi3 pI^)tlc.^tbTS5 

5. nMI nGa A 1 P/^y^r— S3 4 inS 
Ga PSffi3 0©g»^ICnMl nGa A 1 py^jx^r 

— S3 4Ji^c0^^gi5 2 OcOJ^fi&Sr^TP J: 5t-Lfc<D so 

SrS.J3f §J5cV'i p {wi-sr. 
f^«iacpiiJt^6H<7)$!lISiSi^fp S n-5. 

[00 5 7] MOCVDfel;iit), nSinA 

I Pi'^y Pmi 4t. I nGa A 1 PS^l 6 i:, 
pM I n A 1 P ^ 7 S' KS 1 8 t {Ci^V'T, pMGaA 
1 A s mjSKfe^S 4 8 Z b 5 

^ 5 . :!Klli6?^^(c43V'T{±. pMGaAl 

AsmSil£®cS4 8Sr?^^t‘SC:i:{::it), I « 

ms 4 2 bf£<o. ±m hitm 2 

1 Toigi^ms4 2j^^<Dtcit> 

V bfi^v^ 

[00 5 8] tms HiSJ^Sg] ±56 LtiB 4 MMmtSiX 
f4> p MG a A 1 A s mjftfctfcS 4 8 <omMit«14|giS 
^tUiifiz^ < *V'fcfe{c, 9 

2co^JS?g®(5±J^— t?(4f£V\ ±^35®® 2 
4<0*TtwJK±/I nGa A1 PS14S1 6 <OtK:S^g|5{CM 
ofcmMJl, ro«JtEC:i5^)ti5±$I5fl:S2 4t::j; •? 
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V'. :irofcfe, ^^m(7>m4(Dmmm^i'im2<Dmmm 

«§icitLT:, 3tttJ;*iS/J'< 

®I4, rcO;^SrgSc^L;fct.cO-efc5o 
[0 0 5 9] 2K^5^(7>^ 5 G a P 

»S±fiG a A s I n G a A l P 

d»op^Ga Pm«3tl£»Si)S 
±Si5«St^3t^(;pHtw3^fiK§tuTV'So rcorttrj; 
9. SSjfiXStcisV'T 

S-efo t) . t, fc-f 

[0 0 6 0] 5 

^^^ro®f®0^01 3 tcs^f. 013lc^§±/5ip 
t^v 2 5 0 /imiDnMGa PSS3 0±(C1, 

0 . 5#tmOnMlnGaArPx-<s/7 ^ 7 - — g 3 4 
SStvCV'5. r<^nMl nGa A 1 Px-?s'7r— S3 
4 ±{C^ ff ^ 0 . 6/1 mO nM I nAl P^ 7 S' KS 1 
4,^$0. 6 /im£D I nGa A 1 Pfig-1±Sl 6 , ffS 
0 . GymOPpMlnAlP^^S' KS 1 8 ^ 5^ 

^S|5 2 0)dS?^^$nTV'5o 
[0 0 6 1 ] ro^?t?f 5 2 0 ±{Cf 4 , ^$4 0 |imCOp 
MGa PmJKltftcSS 0;dSJ^fiS;§tvTV'5. pMGaP 
®Jitl£®:S 5 0 ±(0 'K'L'#3Slc±^fl:S 2 4 S 

tv, nMGa PS«3 0roT®lwl44’'L'#j£*jgltTT 
lfi5®S2 6 «S?^^$tv-CV' 2 ). pMGa Pm^lSt^SS. 
Oco±tSo5'^±lfi5®S2 

±Si5HP|f52 8 Sr*U, nMG a P*S 3 0 OTffiO 5 
%Ta5«S2 6;J5?^^$tvTV'-*V'^fe:5J-JtT§15HP§i5 3 
2s^*LTv^5o ip-fe., ±^Litm4m 

Mmwz^tf^pmG a A 1 A s mm&ms 4 s i;i^± 

T, pMGa P«ifSt£:mS5 OSrJ^figUTU'5. 

[00 6 2 ] 

mu. 1 

2 (a) {CfcV'T, MOCVD&lCiS pMGa A 1 A 
s«gitia:»S4 8 <o?^^{c^;t-C, :aSfS;S&lcj;oT 
ff $4 0 /imODpMGa P®ffiffi:mS5 0 
[00 6 3] £JL±<VJ: p {C2K«3(S?^®{cj3V'Tfi, ±f® 
Lfzm(OmMmMbl^m(z. nMGaPSS30*s^^ 

^fc, nMln 

GaAl P^^s/^T— S3 4 i: nMGa PSS3 OOg^ 
*^{CnMl nGa A 1 P/^s'7r— S3 4±^0%^ 
?fl5 2 

2 0 5 {^1-5 :: 

g§SXS(CiJlt5M«!iaroJi^«SH(0®JRS;6Si^fp$ 
tv -5, 

[0 0 6 4 ] pMG a P mSKffimS 5 OcoKff 

Sr, ±56LytM4HJfe?gffiOpMGa A 1 As®jjSi£f5: 
S 5 0 ©Kff "CfeS 7 . 0 /i m J; (9 ’bS-V', 4 0 a ni'C 
tis-c# 6 o-e, ±SB®S 2 4d»fj®jEoi2: 
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1)^ t) V1tf^ 2 HlS?^«g i: <'ri>^tii- 

t?^5o cicofcfe. tSjVN^fe 

W;^?r#5ri:i5-e#5o 
1 0 0 6 5 1 [® 6 2 

jSV'Xri. GaPSSifJlGaAsStgtC.^&^S'g-Stl- 
fcl nGaAl P y :7 r — S ;65^» $ ti, ;i>oB3t:Si5 
{C#fifi^#F«jgfg14@SrffiV>TV'S. 
t). ©jtXmtwjSV'T 

oTV'So eiT. p^jci&g^-rso 

[0 0 6 6] 

^^^<75»f®05r@l 4lC^-fo 01 4{C^$tv5i5 
JC, ff $ 2 5 0;imK>nSGa P*4g3 OXIwff^O. 

5 n m<DnWl nGaAl P>''^5'7 t — S 3 4 $ 

nXV'5. rOnMl nGa A 1 P^^S/7r— S34± 
{Cli, Ji;^?0. 6i/m05nMl nAl P^7S/ Kgl 
4. ff^O. 6MmO#*fi:^#F#5Sei4S5 2, 
So. 6 mCO pM I n A 1 P ^ V S' KS 1 8 
%3tSS2 0iS?^^StvTV'5, 

[0 0 6 7] r©^3feSC2 OXIwliffSO. l;im(Op 
MGaAl As 4’M^YS'7'S3 6. ^SO. OS^m 
(Op+MGa As =v>?^ hS3 8:6S?gfi8;Six, p+M 
GaAs=Vi}^^ hS3 8XO'f’*#jfi(w«M:^n5x^' 

®4 0d»J^^StvTV'5, p+S!Ga As hS 

3 8J5iU!m«(t::?'n S';J'® 4 0±{;if4 I TO^?^S®4 
2iS®fiKStl-TV'5o -^rbT. I TOS?e®®4 2(DX 
® S' 4 0 lijy-^£:i-5fi:etcii± 
lfi5ttS2 4*S, n®Ga PSS3 0<OTffi®‘P'L'd»b^ 
ttfcesf JlTlaJ*® 2 6dS?^figStl-XV'5. I TOS?^ 
m®4 2 0±S©p-^±|f5®ffi2 4)6S?g^SJxTV';feV' 
Se^»iXgiiiin$B2 8 nMGaPSIS3 0OT 

BO 5 •^TSP®® 2 6 is?^fiS;S 
aSi5 3 2^*UTV'.5. ip-fe, xjSLfc 

m 2 I n G a a 1 PB-'I4® 1 6 

T. 2Sr?^^LTV'-5o :Lti 

2 mmmm t B#o#^xfc-5. 

10 0 6 8] 

wt. ±M\^it.^2mMMm<r>w&T.m.^^m-r^MB 

(a) iCjoV'X. MOCVDfefCiS I nAl FfSi^m 

1 6 #a*^#F«5tetts 5 2 

^i~So IiiQ. 5 (Gai—xAl j) 

0 . 5P(DGa 

aS-f-5 w i Cli !9 . 5 2 

^-f 5o 

[0 0 6 9] JJ1±0 J: 5 (C3|s:*JS?^ffi{;i3oV'-C», X5£ 

nSGa P*«3 0:iSF« 

ifc, nain 

Ga A 1 P^^s/^r— S3 4 tnSGa P*;E3 OoS 
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#®ICnS[ I nGaAl P s' :7 r —S 3 4±^!S3t^35 
2 OOJ^jESSrfTpfcfe. S^XS(cisit5fi^Q:S;6S^)fe 
IFU2 0o#14lcJK^SrS.lSSi‘iV''J; iriST? 

t. g»xSicioit5l^®iaoiijg^Ho®lSis^^$ 

[0 070] S fCv 2 0 0?SttS t LT. #s 

5 2 SrffiV'fcoX, XxEL'fc|^2^ 
LT J: t) :*: t *3tW* Sr#5 r i: ^5Xt 5, 
[0 0 7 1] *io. >*:^l5»4±iailWffi{cRS^Six-r 
a-o-ic^^^ig-cfeSo ^*^Wi|sft±i£:.-f‘L.4) 

Ga As-^Ga -^fc. 

Iciiffi-rS r i; tX# -5. 

[0 0 7 2] :$:|§igoS^^«Pfc5t;t^tt. ^ 1 
S® ± SHfc>'^s':7r — S L , r. o^ ^ 
s':7r-Slc®2 0i|^^«fr»K^rg*Xfc^{c, «io 
ttcfcSo rofcfe^ ^20^1^^ 
0 1 0^^#:S«(c|&^S-^Stbfc^^S' 
:7r— SSr#Sr irdSXtSo -tLT, co^^s't^r— 
S«o^tg^iiia:^SlXTfc< :i 1 1:: i ^ 

#S t'iJ' =^r i t) r i: iJSX# 

5, 

[0 0 7 3] * S' 7 r -S IC^ 2 
5r i: t L;tox. 

5 - ii r h i)^X^ 5, 

[0 0 7 4] 

[ISeg®^*] eiXtS?^LfcJ: 5 tc. 

Id. ^1 :L<7i^i(O^M^WS. 

i-5rt<bbfcox, 

S.IJ S *V' ± p (c-rs r i: iiXfr 5 , 

[0 0 7 5] 

GaAsSSXJ-JgfiKLfcl nGaAl 
P^<0/^S'P'r-SlcGa PS«Srg*PLfc«JC. Ga 
AsS«S:^*L,, wOG a A s atS<Sr^*bfc>'^S'7 
T—SoBtc^^tSSrJ^^fSiltt XfcOX, >'^s'7 
r-S(-G a PaSS:S*-f-5^ro^«!ia{CJ:?,:^@Sr 
p{::-r5r i:A5Xt-5o -<75;t 

[0®oB^*IS£ig] 

[01] 

BB0X&5O 

[0 2] 
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(^rc»l) o 

10 3] 

{^(02) „ 

[04] 

1 3feW;^ *J i 

Sr^-r:?'7 7Tfc5o 

t@’5i 

i; *T^i-0-Cfc5. 

[06] 

Bf®0-C>5). 

[0 7] 

[0 8] 

#»l5gXS(Ci3tt5. 

[09] 

»f®0Tfc.5. 

[010] :^^m(Df^ 3 ^ 

-Qhio 

[011] 

K)®®0l?fe5, 

[012] 

K)«-SlitX@©— astCiStt-S. 

■efes. 

[013] 

[01] 
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(ommm-vhZo 

[014] 

(ommm-vh^o 

[015] 

m-^<Dmm] 

10 nS!GaAsS« 

12 nMC a As^'^'yyT—S 
14 nMI n A 1 P;7 7y K® 

16 InGaAlPSttS 
18 pSi n A 1 P^7y KS 
2 0 ^^t^fi5 

2 2 pSGa P®gfLit»a 
2 4 

2 6 T^fiSS® 

2 8 XasSSPgf 
30 nSGaPSS 

3 2 T^BSPgp 

3 4 nMl nG a A 1 P^^'y7r— S 

3 6 pMGaAl As'?F^=3f^y7’® 
38 v+mo aAs hm 

4 0 

4 2 I Tosi^m® 

4 4 nMG a A s/'^S'^T”® 

46 nMGaPS^S 

4 8 pMGaAl As«MS£®:® 

5 0 pMGa PmJftJSScS 
5 2 



[ 02 ] 
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